Abstract Old age is frequently associated with a poorer functional outcome after THA. This might be based upon muscular damage resulting from surgical trauma. Minimally invasive approaches have been widely promoted on the basis of the muscle sparing effect. The aim of the study was to evaluate of the functional outcome and the grade of fatty muscle atrophy of the gluteus medius muscle by magneticresonance-imaging (MRI) in patients undergoing minimally invasive or traditional THA. Forty patients (21 female, 19 male) underwent THA either via a modified direct lateral (mDL) or a minimally invasive anterolateral (ALMI) approach. Patients were evaluated clinically and by MRI in terms of age (< or ≥70 y) preoperatively and at three and 12 months postoperatively. The Harris hip score and Trendelenburg's sign were recorded and a survey of a pain (using a numeric rating scale of 0-10) and satisfaction score (using a numeric rating scale of 1-6) was performed. Fatty atrophy (FA) of gluteus medius muscle was rated by means of a five-point rating scale (0 indicates no fat and 4 implies more fat than muscle).
Introduction
Several studies have demonstrated the association between higher age and a lower functional outcome after primary total hip arthroplasty (THA) [1] [2] [3] . A reduced walking distance, a prolonged dependence on walking aids and a significantly more frequent incidence of dislocation were much more prevalent among older patients [1, 2] . One crucial parameter, essential for an adequate functional outcome after THA, is the preservation of muscular integrity. Impairment of muscular integrity leads to weakened muscle and poorer function. Hence, it might be postulated that older patients possess a higher muscular vulnerability and, therefore, may expect a poorer functional outcome after THA.
In recent years, minimally invasive THA has been established to reduce muscular trauma and optimise functional outcome [4] [5] [6] [7] [8] . For this reason, older patients should benefit from a minimally invasive muscle sparing approach and present a better outcome after THA.
Structural changes in skeletal muscles after THA can be displayed and analysed by means of magnetic resonance imaging [9] [10] [11] . Fatty muscle atrophy is one structural property which results from severe muscle trauma and clearly correlates to the muscle function [9, 12] .
By taking these considerations into account, the following questions arose: (1) Is there a higher extent of fatty muscle atrophy on MR scanning in the elderly (>70 years) compared to younger patients undergoing THA?, (2) Is there a correlation between the functional outcome and the MRI-findings? and (3) Is it possible to reduce muscle trauma in older patients via a minimally invasive approach and would they therefore particularly benefit from such a minimally invasive approach?
Material and methods
Forty patients (21 female, 19 male) undergoing primary total hip arthroplasty for primary coxarthrosis were enrolled in this study. Average age was 65 years (range 35-80) and the mean body mass index was 27.6 kg/m 2 (19.7-37.5). Exclusion criteria were higher grade of dysplasia (≥Crowe Type II), fractures, necessity for osteotomies, previous hip surgery, rheumatoid arthritis, or any mental or physical disabilities. Written informed consent was obtained from all patients. The study was approved by the institutional review board (EA 1/068/06). THA was performed either through a minimally invasive anterolateral approach (ALMI, n=22) or via a modified direct lateral approach (mDL, n=18). All operations were carried out by two surgeons (S.T. und C.P.) who each have performed more than 1,500 arthroplasties via the applied approaches.
The ALMI-approach uses the intermuscular plane between the tensor fascia latae and the gluteus medius muscle [5] . Any incision or detachment of muscles and tendons is avoided. However, musculature might be bluntly damaged during the acetabular and femoral preparation due to retractor compression.
The modified direct lateral approach is a modified form of the approach which was initially described by Hardinge [13] . In the modified form the gluteus medius is incised to a maximum length of 3 cm and detached together with the gluteus minimus ventrally from the greater trochanter [4] . Prolonging incision into the vastus lateralis is strictly avoided. Gluteal tendons are reattached with strong transperiosteal sutures.
A tapered uncemented straight titanium stem (Zweymül-ler®, Smith and Nephew®, Rotkreuz, Switzerland) and a uncemented press-fit cup (Allofit®, Zimmer®, Warsaw, Indiana, USA) were used.
Patients were clinically evaluated clinically and by MRI scan preoperatively and at three and 12 months postoperatively. The Harris hip scores were recorded and a survey of a pain (using a numeric rating scale of 0-10) and satisfaction score (using a numeric rating scale of 1-6) was performed. Additionally, the Trendelenburg's signs were evaluated to assess the abductor muscle strength. The Trendelenburg's sign was rated as either negative, slightly positive (wobbly, unstable standing on one leg, but without limping) or severely positive (unable to stand on one leg, limping). Clinical analysis was carried out by the same single observer (M.M.). All patients experienced the same postoperative care and rehabilitation. Crutches were used for at least six weeks.
All MRI scans were performed on a 1.5 T MR-system (Symphony; Siemens Medical Solutions, Erlangen, Germany).
The fatty atrophy (FA) of the gluteus medius muscle was assessed on the transverse T1-weighted MR images at the lower one-third of the distance between the iliac crest and the tip of the greater trochanter. The anterior, middle and posterior third of the gluteus medius were evaluated separately and the mean value was computed. The grading system used has already been described for the evaluation of gluteus muscle [9, 11] and corresponds to a classification system that is commonly used to categorise the rotator cuff muscles [14] . Grade 0 means no fat was visible; grade 1: some fatty streaks were present; grade 2: fat was evident, but there was less fat than muscle tissue; grade 3 implies that there were equal amounts of fat and muscle tissue; and grade 4 that there was more fat than muscle tissue. The MRI images were evaluated independently by two radiologists (M.D. and I.S.) who were blinded to the study group and the surgical approach. The kappa statistic was used to assess interobserver agreement.
According to the age (< or ≥70) and the surgical approach (mDL/ALMI), the clinical and radiological data were separately evaluated. In total, 24 patients were younger and 16 ), gender (young: 13 female, 11 male; old: eight female, eight male), and surgical approach (young: 11 mDL, 13 ALMI; old: nine mDL, seven ALMI) were not evident between the two patient groups (Table 1) .
Statistical analysis was performed with the statistical software SPSS (Version 15, SPSS Inc., Chicago, USA). Pre-and postoperative normally (continuous) distributed variables were calculated using the Student's t-test. Nonnormally distributed data were compared using a MannWhitney U Test. For nominal variables the chi-square test was applied. The kappa-statistic was used to calculate intraobserver agreement. A p-value of less than 0.05 was considered significant.
Results
The results demonstrate a significant impact of the age on the clinical outcome and the grade of fatty muscle atrophy.
Patients younger than 70 years reached a significantly higher Harris hip score and a significantly lower pain Fig. 1 Graphical depiction of the mean fatty atrophy in younger (<70, average age 58 y) and older (≥70, average age 74 y) patients group preoperatively, at three months and at 12 months. A significantly higher rate of muscle atrophy is represented in the older patient group postoperatively (P=0.03; Mann-Whitney U test) score compared to the older group. In addition, after three months the rate of positive Trendelenburg's sign was significantly higher in patients over 70 years of age (Table 2) .
Compared to younger patients, a significantly higher rate of fatty atrophy of the gluteus medius muscle occurred in the older patient group at three and at 12 months postoperatively. (P=0.03; Mann-Whitney U test) (young: FA (MW)=(preop. / 3 / 12 months); 0.15 / 0.7 / 0.7; old: FA (MW)=0.18 / 1.3 / 1.36). No difference in grade of fatty muscle atrophy was evident preoperatively (Fig. 1) . The intra-observer agreement was moderate to excellent (0.51-0.89). Figure 2 exemplifies pre-and postoperative axial T1-weighted TSE images on height of the acetabulum for a patient younger and one older than 70 years.
With respect to the surgical approach, a clear impact of the approach on functional outcome and fatty muscle atrophy could be demonstrated in the older patient group. In contrast, the functional outcome in the younger patient group was not affected by the approach. Older patients, who underwent THA through a minimally invasive approach, gained significantly better clinical scores, less pain, and a lower rate of positive Trendelenburg's sign postoperatively in comparison to those with an mDL approach (Table 3 ). This significant impact of the surgical approach on clinical scores was not evident within the younger patient group.
Corresponding to the clinical outcome parameter, the highest rate of fatty muscle atrophy was also evident in the older patient group with an mDL approach (mean, 1.8). In comparison, older patients with an ALMI-approach had significantly less FA (mean, 0.7; P=0.033; MWU). Within the younger patient group the mean FA was 0.5 (ALMI) and 0.7 (mDL), respectively, without significant difference (P= 0.803; MWU). In addition, the grade of FA between older and younger patients with an mDL approach was also significant (P=0.024, MWU). Figure 3 represents the mean FA values for older and younger patients with regard to the applied approach. 
Discussion
The results of this study demonstrate the significant impact of age on the clinical outcome and on the postoperative extent of fatty muscle atrophy. In addition, the surgical approach had a clear influence on the functional and MR tomographic outcome in older patients. The age-related impact on clinical outcome after THA has been already observed by several authors but without giving any explanation [2, 3, 15] . The rationale for the poorer functional outcome after THA in elderly seems to be substantiated by muscular changes in the form of a higher incidence of postoperative fatty muscle atrophy which obviously correlates with the reduced muscular function. To our knowledge, this agerelated effect on muscle atrophy in patients undergoing THA has not been described clinically previously. Apparently, skeletal musculature of elderly patients possesses a higher vulnerability and a reduced regenerative capacity. This might be also the reason for the clear impact of the surgical approach on fatty muscle atrophy. Older patients who underwent THA through the more invasive mDL approach had a significantly higher grade of muscle atrophy than older patients with a minimally invasive Fig. 3 Mean fatty atrophy of the gluteus medius muscle for patients <70 and ≥70 years at three months postoperatively in relation to the surgical approach (modified direct lateral approach/minimally invasive anterolateral approach). The highest FA was seen in older patients who underwent THA through a modified direct lateral approach (P=0.033) approach in which incision and detachment of musculature and tendons had been avoided. In contrast, this approachdependent effect was not evident in the younger patient group which obviously possesses a sufficient regenerative capacity. Our results reflect the results of experimental studies and could be explained on a pathophysiological basis. Experimental studies demonstrate that higher age is associated with a generally reduced regenerative capacity [16] [17] [18] [19] [20] . This age-associated reduced regenerative capacity is accompanied by a reduced muscle mass [20] , an increased vulnerability [16] and a prolonged regeneration time [19] . The cause of the reduced regenerative capacity is based on molecular biological changes. The onset of muscle regeneration after injury or overloading is the activation and proliferation of skeletal muscle satellite cells which are located in the resting state under the basal lamina of the muscle fibre [21] . After trauma, the satellite cells exit their resting state and start to proliferate into myoblasts and these myoblasts fuse and form to existing muscle fibrils and new muscle fibrils [21] . Now, it has been shown that there is a significant decline of satellite cells in humans older than 70 years [22] and that these satellite cells have a reduced proliferative capacity [23] . Furthermore, satellite cells of elderly humans should have an increased rate of apoptosis, especially in a proapoptotic cellular environment such as injured muscle tissue [18] . In addition, elderly skeletal muscle tissue possesses a reduced (micro) vascular density with a corresponding reduced level of VGEF'S and -mRNA [24, 25] . All these facts together constitute the supposed reduced regenerative capacity and increased vulnerability of the skeletal muscle in elderly patients, which lead to the increased fatty muscle degeneration as demonstrated in this study. It seems that the musculature of younger patients is able to compensate better following a more invasive surgical approach and hence, differences to a MISapproach do not become evident MR-tomographically. In contrast, clear structural differences are noticeable in elderly patients who clearly benefit from a minimally invasive approach.
From our point of view, these findings are of current interest because the application of a minimally invasive THA is frequently recommended for younger patients who belong to the workforce and need an excellent muscular outcome [6, 26] . But obviously, these patients are not as sensitive to muscular trauma and they possess sufficient regenerative capacity. This would also explain that a number of comparative studies were not able to find any significant difference in the clinical outcome between patients who underwent THA through a minimally invasive or a traditional approach [7, 8, [27] [28] [29] [30] . The controversial discussion about the advantage of minimally invasive THA which has arisen in recent years, therefore gains a new aspect. In brief, minimally invasive THA truly reduces muscle trauma and improves functional outcome, but more so in elderly patients.
In conclusion, elderly (>70 years) have a higher grade of postoperative fatty gluteus medius muscle atrophy than younger patients after THA. This seems to be the most likely reason for the concomitant appearance of a poorer functional outcome which clearly relates to the extent of fatty muscle atrophy. In comparison to younger patients a clear impact of the surgical approach was also evident in older patients who definitely benefit from a minimally invasive approach. Clearly, older patients have a reduced regenerative capacity and a higher vulnerability of their skeletal musculature. Therefore, especially in elderly patients a minimally invasive approach should be applied and any incision and detachment of tendons and muscles should be strictly avoided.
